Background--Differences in activation of emergency medical services (EMS) may contribute to racial/ethnic and sex disparities in stroke outcomes. The purpose of this study was to determine whether EMS use varied by race/ethnicity and sex among a current, diverse national sample of hospitalized acute stroke patients.
S
troke is the fourth leading cause of death and the leading cause of serious long-term disability in the United States. 1 Racial/ethnic and sex disparities in stroke-related mortality and disability are well documented. Black men and women, for example, have substantially higher stroke mortality rates than white and other persons. 1 Functional status after stroke is lower among survivors from racial/ethnic minority backgrounds compared with non-Hispanic white survivors [2] [3] [4] [5] and is lower among women than men, even after accounting for age and comorbidity. [6] [7] [8] A significant predictor of stroke-related mortality and disability is the time interval between symptom onset and medical treatment. [9] [10] [11] [12] Calling emergency services (eg, 911)
is recommended as the first action when experiencing stroke symptoms 13 ; the use of emergency medical service (EMS) transport is associated with shorter hospital arrival times, 14 more rapid door-to-brain imaging times, and more frequent use of tissue plasminogen activator for acute ischemic stroke with shorter door-to-needle times. 15, 16 Differences in EMS activation rates could contribute to racial/ethnic and sex disparities in stroke outcomes. Racial/ ethnic and sex differences in frequency of stroke symptoms may contribute to disparities in EMS use. The purpose of this study was to determine the association between racial/ethnic group and EMS transport among hospitalized male and female stroke patients, adjusting for confounders. A secondary aim was to determine the independent association between stroke signs or symptoms and EMS use and whether the association was modified by patient race/ethnicity or sex. We hypothesized that EMS use would be lower among racial/ethnic minority men and women compared with their white counterparts and that differences in EMS use by race/ethnicity or sex may be explained in part by differences in stroke symptoms.
Methods Data Source
The data source for this research was the American Heart Association and American Stroke Association Get With the Guidelines-Stroke (GWTG-Stroke) registry. Details of the design and conduct of the GWTG-Stroke program have been published previously. 17, 18 Briefly, GWTG-Stroke is an initiative
to improve the quality of care delivered to patients with acute stroke and was made available to US hospitals in 2003. 17 GWTG-Stroke collects patient-level data on characteristics, diagnostic testing, treatments, adherence to quality measures, and in-hospital outcomes in patients hospitalized with stroke or transient ischemic attack. 19 Currently, >1600 hospitals participate in GWTG-Stroke. A central audit has shown good reliability for abstracted variables in the database. 20 The company Quintiles serves as the data collection vendor (through its patient management tool) and registry coordination center for GWTG-Stroke and has an agreement to analyze the aggregated deidentified data for research purposes. All participating institutions are required to comply with local regulatory and privacy guidelines and, if required, to secure institutional review board approval. Because data are deidentified, are abstracted from the medical record without registry-specific patient contact, and are used primarily at the local site for quality improvement, many sites were granted a waiver of informed consent under the common rule.
Study Population
The study population comprised patients identified in the GWTG-Stroke registry who were admitted to a GWTG hospital site with an acute stroke diagnosis, who were not transferred from another hospital, and in whom symptom onset did not occur in a health care setting, over the 2. (4) race/ethnicity or sex (n=11 831; 2%). With these exclusions, the primary analysis included 398 798 stroke patients from 1613 participating hospitals ( Figure 1 ).
Study Variables
Race and ethnicity were self-reported by each patient and recorded separately by trained hospital personnel. Race/ethnicity was categorized in this study as (1) 
Statistical Analyses
Frequency statistics (categorical variables) and quartiles (continuous variables) were completed to describe the distribution of patient characteristics. For categorical variables, Pearson chi-square tests were used to evaluate differences in proportion across racial/ethnic groups. For continuous or ordinal variables, Kruskal-Wallis tests were used to evaluate differences by race or ethnic group. The association between race or ethnic group and EMS use by men and women was examined using multivariable logistic regression with generalized estimating equations to account for correlation within sites. Adjusted models included the following prespecified covariates: age, health insurance, medical history (atrial fibrillation or flutter, prior stroke or transient ischemic attack, coronary artery disease or prior myocardial infarction, carotid stenosis, diabetes, peripheral vascular disease, hypertension, dyslipidemia), on-hours arrival (Monday to Friday, 7 AM to 6 PM), ability to ambulate at admission, initial examination findings for stroke symptoms (weakness or paresis, altered level of consciousness, aphasia, other neurological symptoms, no neurological symptoms), stroke type, and site characteristics (geographic region, rural versus urban, teaching hospital, number of beds). The interaction between race/ethnicity and sex was assessed, and, if significant, relevant pairwise comparisons of race/ ethnicity and sex combinations were made using odds ratios.
Potential mediation of the association between race or ethnic group and EMS use by the presence or absence of stroke symptoms was similarly evaluated using multivariable logistic regression to evaluate the associations (1) between race or ethnic group and EMS use, controlling for stroke symptoms; (2) between race or ethnicity and stroke symptoms; and (3) between stroke symptoms and EMS use. In each case, as described for the main effect model, multivariable models with generalized estimating equations to account for correlation within sites were adjusted for prespecified covariates, and race/ethnicity-sex interaction was evaluated.
Missing values of covariates were imputed using the most common value for categorical variables and the median for continuous variables. Data were most commonly missing for ambulatory status at admission (25.0%) and insurance (5.2%); other variables were missing <2.5%. Analyses were repeated to include only patients with documented NIHSS (72% of study population) and were adjusted for NIHSS; this analysis yielded results similar to the primary analyses, thus results for the entire sample were reported without adjustment for NIHSS. We performed a sensitivity analysis in which we used multiple imputation and reran the primary model, which examined the association of race/ethnicity and sex with EMS use. Results from this analysis were not substantially different from the original results and thus are not reported.
Quintiles served as the registry coordinating center. The Duke Clinical Research Institute served as the data analysis center, and institutional review board approval was granted to analyze aggregated deidentified data for research purposes. All P values were 2-sided, and statistical significance was set at P<0.05. Analyses were completed using SAS software version 9.3 or higher (SAS Institute). Table 1 describes the demographic, clinical, and hospital characteristics of study participants. Among 398 798 hospitalized stroke patients, 69% were non-Hispanic white, 19% were non-Hispanic black, 8% were Hispanic, 3% were Asian, and 1% other. The majority of admissions (86%) were for ischemic stroke. Patient demographics, admission, and medical conditions varied significantly among racial/ethnic groups. 
Results

Baseline Characteristics
EMS Use by Race/Ethnicity and Sex
Overall, 58.6% of stroke patients used EMS for transport to the hospital. Frequency of EMS use differed by race/ethnicity and by sex (interaction P<0.001) (Figure 2 ). White women were most likely to use EMS (62.0%); Hispanic men were least likely to use EMS (52.2%). In multivariable models adjusted for prespecified covariates including stroke symptoms, Hispanic and Asian men and women were less likely than their white counterparts to use EMS; black women were less likely than white women to use EMS, but black and white men had similar rates (Table 2) .
Stroke Symptoms and EMS Use by Race/ Ethnicity and Sex
Frequency of stroke symptoms by race/ethnicity and sex is presented in Table 3 . Weakness or paresis was the most common stroke symptom (67.3%) and was more frequent among men versus women and among racial/ethnic minorities versus white patients. Aphasia (41.3%) and altered level of consciousness (22.3%) were less frequent, and the frequency varied by both sex and racial/ethnic group (interaction P=0.0007 and P<0.0001, respectively). Approximately one-third of patients (32.4%) had other neurological symptoms on initial examination. The adjusted odds of presenting with other neurological symptoms were higher among women than men and among Asian and Hispanic patients compared with white patients; however, the odds were lower among black patients compared with white patients.
Patients with weakness or paresis, altered level of consciousness, or aphasia on initial examination were more likely to use EMS compared with patients without each symptom ( Table 4 ). The magnitude of the association between the presence versus absence of these stroke symptoms and EMS use was higher among men than among women. The adjusted odds of EMS use among patients with versus without weakness/paresis or aphasia varied by racial/ ethnic group and were highest among white patients. Patients presenting with other neurological symptoms on initial examination were significantly less likely to use EMS transport than those without other neurological symptoms. This association did not vary by race/ethnicity or by sex.
Discussion
In this large, current, national sample of stroke patients, we documented that <60% of acute stroke patients used EMS transport and that racial/ethnic and sex disparities in EMS transport were present. The presence of weakness or paresis, altered level of consciousness, or aphasia was each associated with increased odds of EMS use, whereas other neurological symptoms were associated with lower EMS use. The frequency of each stroke symptom and the magnitude of the association between stroke symptom and EMS use varied by sex and across racial/ethnic groups. The observed associations between race/ethnicity and sex with EMS use persisted after adjustment for stroke symptoms and other prespecified covariates, showing that the racial/ethnic and sex differences in EMS use were not driven solely by differences in stroke symptoms.
Prior research has documented a similarly moderate overall rate of EMS transport among stroke patients, suggesting no substantial increase over recent decades. 16, 22, 23 Lower EMS transport among Hispanic and black versus white stroke patients has also been shown in less contemporary patient populations. 16, 23 We identified that the racial/ethnic disparity exists among both male and female Hispanic patients, supporting patterns observed in prior research in smaller samples. 24 To our knowledge, lower EMS use specifically among female black versus white stroke patients has not been documented previously. Our study may be among the first to evaluate frequency of EMS use among US Asian stroke patients, overall and by sex. Historical data from the Minnesota Stroke Survey (1991-1993) are consistent with our finding that EMS use is lower among Asian versus white stroke patients, but the relatively low sample size of Asian patients in that study limited the conclusions that could be drawn from those data. 25 EMS use was more common among patients with "classic" major stroke symptoms: weakness, aphasia, or altered level of consciousness. These symptoms may be recognized more consistently as signs of stroke than other symptoms. Higher EMS use in patients with these symptoms may also reflect that symptoms are more severe and more likely to interfere with daily function, prompting a call to emergency services, even if not recognized as potentially stroke-related. This finding is consistent with prior research that has documented different frequencies of 911 calls 26, 27 or seeking hospital care [28] [29] [30] and aphasia or dysarthria. 31 The magnitude of the associations between stroke symptoms and EMS activation was greatest among men and white patients, suggesting that women and racial/ethnic minorities may be less influenced by symptom type when deciding to use EMS compared with men and white persons. OR indicates odds ratio. *Multivariable models were adjusted for: age, insurance, medical history (atrial fibrillation/flutter, prior stroke or transient ischemic attack, coronary artery disease or prior myocardial infarction, carotid stenosis, diabetes, peripheral vascular disease, hypertension, dyslipidemia), on-hours arrival, ability to ambulate at admission, stroke diagnosis, and site characteristics (geographic region, rural vs urban, teaching hospital, number of beds). † Race and sex were significant predictors of each symptom type; race-sex interactions were not significant for weakness/paresis or other neurological symptoms (P>0.05), thus only main effects are shown for those symptom types.
The presence of other neurological symptoms on initial examination was associated with lower EMS use, suggesting that, as observed in prior research, patients presenting without motor or speech symptoms have a hospital transport experience different from those with better recognized stroke symptoms. 26, 32 Almost 1 in 3 patients in this study had other neurological symptoms documented on examination, indicating a potential opportunity to educate about less wellrecognized stroke symptoms and calling emergency services. Consistent with prior research, women in this study were more likely than men to present with other neurological symptoms. 30, [33] [34] [35] Hispanic and Asian patients were more likely than white patients to present with other neurological symptoms, a factor that contributed to but did not fully explain the lower EMS use among them. Strengths of this study include the large diverse national sample, which allowed us to evaluate EMS use overall and by sex and race/ethnicity and to test for interaction between race/ethnicity and sex on EMS use. We were able to illustrate significant relative differences in EMS use and to document absolute differences in EMS use by sex-race/ethnicity strata; absolute differences of almost 10 percentage points were documented when comparing female white and male Hispanic patients. The research was further strengthened by rich covariate data available to adjust for confounding.
This research has limitations. Other factors that may be associated with EMS use among stroke patients, such as the presence of someone else at the time of stroke, 7, 27, 29, 36 differential knowledge of stroke symptoms, 37, 38 Englishlanguage proficiency, 39 or distance between the stroke location and the hospital, were not measured. Although health insurance type was used as a proxy for socioeconomic status, additional markers of socioeconomic status were not available in the GWTG-Stroke database. The registry did not differentiate between east and south Asian patients, so we cannot comment on any potential impact of our observations regarding Asian participants. GWTG-Stroke and non-GWTG-Stroke participating hospitals differ based on location and size; however, acute stroke patients entered in the GWTG-Stroke program have been shown to be similar to their counterparts admitted to nonparticipating hospitals, supporting the generalizability of results. 40 These results do not take into account the potentially most serious stroke patients, who died out of the hospital. Stroke symptom data were collected as part of the initial examination, so we cannot be certain that these same stroke symptoms were present prior to hospital arrival at the time of the decision to call or not call EMS.
Conclusion
In this large sample of patients hospitalized with acute stroke, EMS transport was higher among patients with weakness, aphasia, or altered level of consciousness and lower among those with other neurological symptoms. Hispanic and Asian men and women and black women were less likely to use EMS compared with their white counterparts, independent of stroke symptoms. These contemporary data document suboptimal use of EMS transport among US stroke patients, especially by racial/ethnic minorities and those with less wellrecognized stroke symptoms.
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